. Protein identities and LFQ of SORT-E from E. coli Table S2 . Protein identities and quantification of SORT-E via 9-Plex TMT Table S3 . Protein identities and LFQ of SORT-E from D. Melanogaster Figure S1 (related to Figure 3 ). Raw mass spectra for intact T4 lysozyme (K-83-1)-His6 (top row), ubiquitin (K-6-1)-His6 (middle row), and ubiquitin (K-48-1)-His6 (bottom row), as pure proteins (i), TDB conjugates (ii), and cleaved dipyridiyl-diaza cycloaddition products (iii). Spectra correspond to the deconvolved masses shown in 3 ). MS2 spectra of tryptic peptides derived from species iii of T4 lysozyme (K-83-1)-His6 (top), ubiquitin (K-6-1)-His6 (middle), and ubiquitin (K-48-1)-His6 (bottom). The spectra confirm the presence of the dipyridiyl-diaza cycloaddition product at the correct site in each of the proteins. In the case of T4 Lysozyme, possible over-reduction of the modified side chain is observed, giving rise to a fragment peak 2 Da higher in mass. 4 ). E. coli expressing PylRS and either PyltRNA AGA , PyltRNA GCU , PyltRNA CAU , or PyltRNA UUU were grown for 4 h at 37 ˚C -either with or without 1 (0.1 mM). Lysates were labelled with tetrazine-fluorophore conjugate, 6 (4 µM) for 4h, resolved by SDS-PAGE, and then analysed by Coomassie stain (bottom) or in-gel fluorescence (top). As based on the Coomassie image, all eight samples were identically loaded, but fluorescence labeling is strictly 1-dependent for any tRNA anticodon used. 4 ). E. coli expressing PylRS and PyltRNA AGA were grown for 4 h at 37 ˚C -either with or without 1 (0.1 mM). Next, lysates were either not diluted, diluted 10-fold, or diluted 100-fold with lysates from cultures that lacked 1. Lysates were labelled with 2, tagged proteins were captured with streptavidin beads, nonspecifically bound proteins were washed away, and specifically captured proteins were eluted by cleavage of 2. Aliquots from the initial lysate, the final wash, and eluted fraction were analysed by SDS-PAGE. In the case of the 10-fold and 100-fold diluted samples, 10-fold and 100-fold more input was used, so that the total amount of labelled protein is comparable in all lanes, but the concentration of labelled proteins with respect to non-labelled is lower. At 10-fold dilution, the elution profile is similar. At 100-fold dilution, non-specific reactions of 2 with unlabeled proteins begin to match the level of specific capture. SORT-E enriches lower abundance proteins more efficiently than higher abundance proteins. The graphs show the log of the ratio of the relative abundance for proteins detected in SORT-E ((A) SORT-E (AGA, Ser); (B) SORT-E (CAU, Met)) to the relative abundance prior to enrichment. Each point corresponds to an average over all proteins in a given range of abundance, as defined in the PAX database (Wang et al., 2015; Wang et al., 2012) . Error bars correspond to std. devs across biological triplicates. 6 ). (A) SDS-PAGE gel analysis for the quantification of eluted protein from SORT-E AGA(Ser) and SORT-E CAU(Met) used for TMT analysis, lanes 1-6 loaded with an aliquot of the combined eluent, lanes 7-10 loaded with serial dilutions of a lysate of know concentration form 0. high-frequency recoding respect to the number of recodable codons. (E, F, G, H) The number of cognate codons in a given protein that can be decoded by the PylT variant only weakly explains the variance in the SORT-E pull-down efficiencies across proteins, though the correlation is stronger for serine than for methionine. It is reasonable that P SORT would be lower for serine because the intracellular tRNA Ser concentration is ca. 4-fold greater than that of tRNA Met (Dong et al., 1996) . The graphs show the log of the ratio of the relative abundance for proteins detected in SORT-E to the relative abundance prior to enrichment plotted against codons counts (where "Sers" includes UCU, UCA, and UCC). The least-square regression lines have the following parameters: (E) slope = 0.018,
. These results are more consistent with high-frequency recoding (model C) than low-frequency recoding (model A). However this model does not take into account the efficiency with which tagged proteins may be captured. Figure S10 (related to Figure 6 ). (A, B) Proteins that have incorporated 1 are labeled to a tetrazine diazobenzene biotin compound, enabling them to be captured on streptavidincoated beads. The efficiency of labeling could be affected by the accessibility of the positions in the protein where 1 can be incorporated, especially if labeling chemistry were slow and inefficient. (C, D) The median solvent-accessible surface area (SASA) of a SORT-decodable site in a given protein explains almost no variation in the SORT-E pulldown efficiencies across proteins. Normalized SASAs were calculated in PyMol for all E. coli proteins for which an x-ray structure was available in the PDB, and for each protein, the median SASA across all residues that could be replaced with 1 was taken. For (C), ! = 0.002; for (D), ! = 0.0006. These observations are consistent with the labeling chemistry being very efficient, and therefore not very hindered by protein structure. Ovaries were harvested from 15 females expressing PylRS and PylT XXX fed normal food containing 1 (10 mM), or in the control lane from 15 females not expressing PylRS and PylT XXX but fed normal food containing 1 (10 mM). The protein lysates were labeled with tetrazine fluorophore conjugate 7 (4 µM) (Elliott et al., 2014) . PylT XXX corresponds to variants of PylT bearing anti codon A = PylT UGC (Ala) or S = PylT GCU (Ser) or L = PylT CAG (Leu) or M = PylT CAU (Met) or combinations bearing two variants of PylT xxx for example AM = PylT UGC (Ala) and PylT CAU (Met) . Ovaries were harvested from 15 females expressing PylRS and PylT xxx fed either normal food containing 1 (10 mM) or normal food without 1. The protein lysates were labeled with tetrazine fluorophore conjugate 7 (4 µM) (Elliott et al., 2014) . Here PylT xxx corresponds to flies bearing combinations of two or three PylT variants for example LM = PylT CAG (Leu) and PylT CAU (Met); ASM = PylT UGC (Ala) and PylT GCU (Ser) and PylT CAU (Met). (C) Structure of tetrazine fluorophore conjugate, 7 (Elliott et al., 2014) . Equal quantities of protein lysate from E. coli, bearing PylRS and PylT AGA grown in LB supplemented with 1 (0.1 mM) or grown in LB without 1; and protein lystate from D. melanogaster, bearing PylRS and three varients of PylT (PylT UGC , PylT GCU and PylT CAU ), fed either normal food supplemented with 1 (10 mM) or normal food without 1; were labeled with tetrazine fluorophore conjugate 6 (4 µM) (Lang et al., 2012) . Densitometry calculations on fluorescence gels of three independent replicates show that E. coli proteome labeling is only 2.13±0.75 times more efficient than germline cell labeling. (B) SDS-PAGE analysis comparing the efficiency of SORT-E from E. coli cells to SORT-E from D. melanogaster ovaries. 3.5 mg of protein lysate from E. coli, bearing PylRS and PylT AGA grown in LB supplemented with 1 (0.1 mM) or grown in LB without 1; and 7 mg of ovary protein lystate from D. melanogaster, bearing PylRS and three varients of PylT (PylT UGC , PylT GCU and PylT CAU ), fed either normal food supplemented with 1 (10 mM) or normal food without 1; were labeled with TDB probe 2 (20 µM) and subjected to the same SORT-E enrichment protocol. SDS-PAGE analysis of the input material, the final wash step, and the elution with Na 2 S 2 O 4 show comparable protein enrichment between E. coli and fly, in both an amino acid and Na 2 S 2 O 4 dependent manner. Indicating that germline cell labeling efficiency approaches that of E. coli cell labeling.
AGA ( (B) Volcano plot of those 10 proteins identified in both the SORT-E sample (+1) and the no amino acid control sample (-1). The volcano plot shows the ratio of the LFQ values for each protein in this subset (i.e., the enrichment factor), plotted against the p-value of the null hypothesis that there is no difference between the LFQ values. The area shaded in gray corresponds to the threshold of p-values <0.05, i.e. values with a greater than 95% probability of correctly rejecting the null hypothesis.
Table S1 (related to Figure 4). Protein identifications and LFQ from MS analysis of
SORT-E AGA(Ser), GCU(Ser), CAU(Met) and UUU(Lys). LFQ values for each replicate were generated in MaxQuant. Table S2 (related to Figure 6 ). Protein identifications and relative quantitation from 9-plex TMT analysis of SORT-E AGA(Ser) and CAU(Met). Reporter ions 126, 127N and 127C correspond to E. coli control replicates, ions 128N, 128C and 129N correspond to AGA(Ser) or CAU(Met) input replicates (Labeled NPD1, 2 or 3) and ions 129C, 130N and 130C correspond to SORT-E AGA(Ser) or SORT-E CAU(Met) replicates (Labeled PD1, 2 or 3). Table S3 (related to Figure 7 ). Protein identifications and LFQ from MS analysis of SORT-E from D. melanogaster ASM. LFQ values for each replicate were generated in MaxQuant.
II.

Supplemental Methods
Chemical syntheses -general methods
All chemicals and solvents were purchased from Sigma-Alrich, Alfa Aesar or Fisher Scientific and used without further purification unless otherwise stated. Qualitative analysis by thin layer chromatography (TLC) was performed on aluminium sheets coated with silica (Merck TLC 60F-254). The spots were visualized under short wavelength ultra-violet lamp (254nm) or stained with basic, aqueous potassium permanganate, ethanolic ninhydrin or vanillin. Flash column chromatography was performed with specified solvent systems on silica gel 60 (mesh 230-400).
LC-MS analysis was performed on Agilent 1200 machine. The solvents used consisted of 0.2 % formic acid in water (buffer A) and 0.2 % formic acid in acetonitrile (buffer B).
LC was performed using Phenomenex Jupiter C18 column (150 × 2 mm, 5µm) and 
i. (E)-4-((5-(2-((tert-butoxycarbonyl)amino)ethyl)-2-hydroxyphenyl)diazenyl)benzoic acid 3
NaNO 2 (629 mg, 9.12 mmol, 2.5 eq) was added to a suspension of 4-aminobenzoate (500 mg, 3.65 mmol, 1 eq) in hydrochloric acid (5N, 10 mL) at 0 ºC, in portions to maintain a constant 0 ºC. The suspension was stirred vigorously and after approximately 1 h, at 0 ºC, the solid had dissolved to give a yellow solution. The yellow solution was transferred to a dropping funnel and added dropwise to a suspension of N-boc-tyramine (865 mg, 3.65 mmol, 1 eq) and NaHCO 3 (4 g, 47.6 mmol, 13 eq) in saturated NaHCO 3 solution (40 mL) and acetone (5 mL) maintained at 0 ºC. The mixture was stirred vigorously for 18 h at 0 ºC and adjudged complete at this time. The reaction mixture was then diluted with HCl (1N, 100 mL) and the resultant precipitate filtered. Carboxylic acid 3 (50 mg, 0.13 mmol, 1eq) was dissolved in DMF (1 mL), to this solution was added N-hydroxysuccinimide (18.1 mg, 0.16 mmol, 1.2 eq), followed by EDCI (30 mg, 0.16 mmol, 1.2 eq) and DMAP (8 mg, 0.07 mmol, 0.5 eq). The reaction mixture was stirred at room temeperature for 2 h and adjudged complete at this time by LCMS analysis. The reaction mixture was diluted with EtOAc (10 mL) and washed with HCl (1 M, 2× 10 mL) and then brine (10 mL). The organics were dried (Na 2 SO 4 ) filtered and concentrated under vacuum to give a crude gum. The crude material was purified by silica gel column chromatography eluting EtOAc/hexane (40/60). The product fractions were combined and concentrated under vacuum to give 4 as a dark orange gum (30 mg,
iii. tert-Butyl (E)-(4-hydroxy-3-((4-((2-oxo-2-((6-(6-(pyridin-2-yl)-1,2,4,5-tetrazin-3-yl)pyridin-3-yl)amino)ethyl)carbamoyl)phenyl)diazenyl)phenethyl)carbamate
Activated ester 4 (30 mg, 0.062 mmol, 1 eq) was dissolved in DMF (1 mL), to this solution was added aminotetrazine (32 mg, 0.093 mmol, 1.5 eq) followed by Et 3 N (45 µL, 0.31 mmol, 5 eq). The reaction was stirred at room temperature for 1 h and was adjudged complete by LCMS analysis. The crude reaction mixture was diluted with EtOAc (5 mL) causing a precipitate to form. The solid was filtered and washed with HCl (1M, 5 mL). The solid was retained, and the filtrate extracted with more EtOAc (2× 5 mL). The organic fraction was dried under vacuum and the resultant solid combined with the solid isolated from filtration. This gave the desired product 5 (41 mg) as a red/orange solid, that used without further purification.
iv. (E)-4-((5-(2-Aminoethyl)-2-hydroxyphenyl)diazenyl)-N-(2-oxo-2-((6-(6-(pyridin-
2-yl)-1,2,4,5-tetrazin-3-yl)pyridin-3-yl)amino)ethyl)benzamide 5a
Solid 5 (41 mg, 0.062 mmol, 1 eq) was suspended in CH 2 Cl 2 (2 mL), to which was added TFA (2 mL) at room temperature, this immediately formed a red/orange solution. LCMS analysis after 5 minutes showed complete boc deprotection. The reaction was therefore concentrated to dryness by passing a stream of nitrogen over the reaction, giving the crude amine as a red/orange gum that was used directly without further purification. Expression, purification and labeling of proteins site-specifically incorporating 1.
LRMS m/z (ES
Expression of T4lysozyme K83-1
Electro-competent E. coli DH10B cells were co-transformed with pBK-MbPylRS and pBAD-T4LysK83TAG-His6 PylT (Nguyen et al., 2011) . 
Expression of Ubiquitin K6-1 and Ubiquitin K48-1
Chemically competent E. coli BL21(DE3) cells (Merck Biosciences) were cotransformed with pBK-MbPylRS and pCDF-pylT-UbTAG6-His6 or pCDF-pylTUbTAG48-His6 (Madrzak et al., 2015; Virdee et al., 2010) . Transformed cells were recovered in S.O.B.
(1 mL, supplemented with 0.2% glucose) for 1 h at 37 ºC and used to inoculate LB containing 50 µg/mL kanamycin and 25 µg/mL spectinomycin (LB-KS).
The cells were incubated with shaking overnight at 37 ºC, 250 r.p.m. 1 mL of overnight culture was used to inoculate 100 mL of LB-KS½, which was then incubated ( 
Purification of T4lysozyme K83-1, Ubiquitin K6-1 and Ubiquitin K48-1 from E. coli
The frozen bacterial pellets were thawed on ice and resuspended in 2.5 mL lysis buffer averaged over the entire total ion current (TIC). Intact protein masses were calculated via spectral deconvolution using Agilent's LC/MSD Chemstation software with built-in deconvolution tool. The default deconvolution parameters were used (masses between 500-50000 Da, with a maximum allowable charge of +50, a minimum of 5 peaks in a peak set, a noise cut off of 1000 counts and an abundance cut off at 10% for selected peaks). Purified proteins were diluted to a concentration of 20 µM in 8M GdmCl and used at a final reaction volume of 50 µL. 2 (10 molar equivalents, 5 µL from a 2 mM stock solution in DMSO) was added and the reactants mixed by aspirating several times, the mixture was then incubated at room temperature. The reaction progress was monitored by LC-MS (injecting 5 µL/100 pmol of protein) and showed complete conversion to the ligated products T4lysozyme K83-ii, Ubiquitin K6-ii and Ubiquitin K48-ii (Figure 2) after 4 hours.
In vitro labeling of
Test reduction with Na 2 S 2 O 4
The crude reaction mixtures were then treated with Na 2 S 2 O 4 (25 mM, 4 µL of a 250 mM stock), mixed by aspirating several times and incubated at room temperature. The Figure S3 ) (Lang et al., 2012) . The reactions were mixed by aspirating several times and the samples then incubated in the dark (room temperature, 4 h). After this time a 5 µL aliquot was diluted into 10 µL of pure water; 5 µL of 4× LDS sample buffer supplemented (6 mM BCN-OH and 20 mM DTT) was added and mixed by vortexing gently. Samples were incubated for 10 min before boiling at 90 °C for 10 min. Samples were analysed by 4-12% SDS-PAGE and fluorescent images were acquired using a Typhoon Trio phosphoimager (GE Life Sciences).
SORT-E: Chemoselective labeling of proteomes tagged with 1 by tetrazine-diazobenzenebiotin conjugate 2, enrichment and elution of SORT-E proteins
Cleared bacterial protein lysates were prepared in the same way as described above. For capture, enrichment and elution of tagged proteins, 500 µL of cleared cell lysate (8 mg mL -1 protein lysate) was typically used. Thus, to 500 µL of cleared cell lysate DTT (1 mM, final concentration), was added and mixed with gentle vortexing, the mixture was incubated at room temperature for 45 minutes. 
SDS-PAGE analysis and LC-MS/MS of enriched proteins tagged via SORT
5 µL aliquots of each lysate input sample was diluted into 10 µL of pure water; 15 µL of each final wash sample and 15 µL of each elution sample were transferred to fresh tubes. Two missed enzyme cleavages were allowed and variable modifications for oxidized methionine, carbamidomethyl cysteine, pyroglutamic acid, phosphorylated serine, threonine and tyrosine were included. Proteomic data were worked up in the MaxLFQ software suite (1) to identify proteins from peptide sequences and calculate label-free quantifications (LFQ).
SORT-E: Combined with a 9-Plex TMT analysis
Production of control protein lysates E. coli DH10B cells were inoculated into three LB cultures (50mL) and incubated overnight (37 °C, 250 r.p.m.) . Overnight cultures were diluted to OD 600 0.3 with LB (250mL) and incubated (37 °C, 250 r.p.m.). At OD 600 ~ 0.6 the cultures were incubated for a further 4 h. Cells were then harvested by centrifugation (4,000 r.p.m., 4 °C, 20 min) and frozen until further use.
Frozen bacterial pellets were resuspended in 50 mL Urea buffer (8M urea, 25 mM tris, pH 8) and lysed using a microtip sonicator (amplitude 15, 90 s total sonication time,
Soniprep 150 plus). The lysate was cleared by centrifugation (4 °C, 14,000 r.p.m., 30 min) and the supernatant aspirated to a fresh tube, a Bradford assay was performed to determine protein concentration (using BSA standards, for standard curve).
Production of SORT-E input material
For SORT-E AGA(Ser) and SORT-E CAU(Met) three biological replicates of cleared bacterial protein lysates were prepared in the same way as described above for SORT-E, but scaled up by a factor of 10.
Production of E. coli SORT-E material
For SORT-E AGA(Ser), 3.5 mL (25 mg protein) of the above cleared protein lysate were used for each replicate. For SORT-E CAU(Met), 7 mL (50 mg protein) of the above cleared protein lysates were used for each replicate. Thus, to each lysate DTT (1 mM) was added and mixed with gentle vortexing, the mixture was incubated at room temperature for 45 minutes. After this time iodoacetamide (5.5 mM) was added, mixed with gentle vortexing, then incubated for 30 minutes at room temperature. 2 (5 µL, 20 µM final concentration, from a 2 mM stock in DMSO) was then added and the reactions were mixed by gentle vortexing and the samples then incubated in the dark at room temperature overnight with end-over-end rotation (Hula mixer). 10 µL aliquots were taken at this stage as input sample for subsequent SDS-PAGE analysis. The labelled protein samples were precipitated by the addition of 10 volumes of ice-cold methanol and incubated at -25 °C overnight. The proteins were pelleted by centrifugation (1000g, 30min) and washed three times with further volumes (10 mL) of ice-cold methanol.
Washed protein pellets were re-suspended in 3.5 mL or 7 mL of Urea buffer (8M urea, 25 mM tris, pH 8) respectively. High capacity streptavidin beads (50 µL of settled resin, Thermo scientific Streptavidin Agarose resin) were added to each sample and incubated with end-over-end rotation (Hula mixer) for 1.5 hours. Beads were then collected by gravity filtration through a column (Poly-Prep ® chromatography column Bio-Rad 731-1550). The beads were resuspended in urea buffer (500 µL, 8M urea, 25 mM tris, pH 8) and transferred to a smaller spin column (Mini Bio-spin ® chromatography column BioRad 731-1550). The beads were collected by mild centrifugation (1000 rpm, 5 second pulse) and washed 2× urea buffer (500 µL) then 2× 1% SDS in PBS (500 µL) with 15 minute incubation times between each wash. The final wash acts as a control for the Na 2 S 2 O 4 specific elution, the beads were resuspended in 1% SDS in PBS (50 µL) and incubated at room temperature for 30 minutes with end-over-end rotation (Hula mixer).
The beads were collected by mild centrifugation (1000 rpm, 5 second pulse) and the supernatant kept for subsequent analysis by SDS-PAGE. Specifically bound proteins were then eluted by resuspending the beads in 1% SDS in PBS supplemented with 50 mM Na 2 S 2 O 4 (50 µL) and incubating at room temperature for 30 minutes with end-overend rotation (Hula mixer). The supernatant was collected by mild centrifugation (1000 rpm, 5 second pulse), this elution step was repeated a further four times and the eluents combined to give a total of 250 µL SORT-E protein fraction for each sample. A 15 µL aliquot was taken for SDS-PAGE analysis. SORT-E protein eluents were then 10-fold diluted with PBS and then concentrated using centrifugal spin filters (3 kDa cut-off, Merk-Millpore Amicon Ultra-0.5 mL) to a final volume of approximately 100 µL.
Protein concentration was determined by a BCA colorimetric assay (ThermoFisher -23225).
Preparation of 9-Plex TMT analysis
50 µg of each protein sample replicate for each test condition (3× control proteins, 3×
SORT-E input and 3× SORT-E) were trypsinised and the resulting peptides labelled with unique isobaric mass tags as per the manufacturers instructions (TMT10plex™ Isobaric Mass Tag Labeling Kit; ThermoFisher -90113). An aliquot of the TMT labelled pool was evaporated to dryness, resuspended in 5% formic acid and then desalted using SepPak cartridges according to the manufacturers instructions (Waters, Milford, Massachusetts, USA). Eluate from the SepPak cartridge was again evaporated to dryness and resuspended in 1% formic acid prior to analysis by nano-LC MSMS using an Orbitrap Fusion Tribrid Mass Spectrometer.
Nano-LC Mass Spectrometry
The sample was fractionated using an Ultimate 3000 nanoHPLC system in line with an Orbitrap Fusion Tribrid mass spectrometer (Thermo Scientific). In brief, peptides in 1%
(vol/vol) formic acid were injected onto an Acclaim PepMap C18 nano-trap column (Thermo Scientific). After washing with 0.5% (vol/vol) acetonitrile 0.1% (vol/vol) formic acid peptides were resolved on a 250 mm × 75 µm Acclaim PepMap C18 reverse phase analytical column (Thermo Scientific) over a 150 min organic gradient, using 7 gradient segments (1-6% solvent B over 1min., 6-15% B over 58min., 15-32%B over 58min., 32-40%B over 5min., 40-90%B over 1min., held at 90%B for 6min and then reduced to 1%B over 1min.) with a flow rate of 300 nl min −1 . Solvent A was 0.1% formic acid and Solvent B was aqueous 80% acetonitrile in 0.1% formic acid. Peptides were ionized by nano-electrospray ionization at 2.0kV using a stainless steel emitter with an internal diameter of 30 µm (Thermo Scientific) and a capillary temperature of 275°C.
All spectra were acquired using an Orbitrap Fusion Tribrid mass spectrometer controlled by Xcalibur 2.0 software (Thermo Scientific) and operated in data-dependent acquisition mode using an SPS-MS3 workflow. FTMS1 spectra were collected at a resolution of 120 000, with an automatic gain control (AGC) target of 200 000 and a max injection time of 50ms. The TopN most intense ions were selected for MS/MS. Precursors were filtered according to charge state (to include charge states 2-7) and with monoisotopic precursor selection. Previously interrogated precursors were excluded using a dynamic window (40s +/-10ppm). The MS2 precursors were isolated with a quadrupole mass filter set to a width of 1.2m/z. ITMS2 spectra were collected with an AGC target of 5000, max injection time of 120ms and CID collision energy of 35%.
For FTMS3 analysis, the Orbitrap was operated at 60 000 resolution with an AGC target of 50 000 and a max injection time of 120ms. Precursors were fragmented by high energy collision dissociation (HCD) at a normalised collision energy of 55% to ensure maximal TMT reporter ion yield. Synchronous Precursor Selection (SPS) was enabled to include up to 5 MS2 fragment ions in the FTMS3 scan.
Analysis of Proteomic Data
Shotgun proteomic data were worked up in the MaxLFQ software suite (1) to identify proteins from peptide sequences and calculate label-free quantifications (LFQ).
Identified proteins and LFQs were exported to Excel, where proteins were counted and compared across different experiments. The number of proteins in common between
SORT-E (AGA, Ser), SORT-E (GCU, Ser), SORT-E (CAU, Met) and SORT-E (UUU, Lys) were calculated in Excel, and Venn-Diagrams were constructed using eulerAPE (2). CodonCounter.py also cross-referenced locus to gene names in order to assist the compilation of these data.
Sorting and t-test calculations were carried out in Excel, and plots were prepared in Veusz (http://home.gna.org/veusz/).
Analysis of Tandem Mass Tag (TMT) Proteomic Data
Protein mixtures obtained from one of three replicates for one of five test conditions (unmodified E. coli lysate, lysates from E. coli equipped with components to perform
SORT-E (AGA, Ser) or SORT-E (CAU, Met) (i.e., the SORT-E inputs), and the corresponding SORT-E enrichments were reacted with one of nine tandem mass tag labels, and submitted to LC-MS/MS in sets of nine.
The raw data files were processed and quantified using Proteome Discoverer software v1.4 (Thermo Scientific). Peptide precursor mass tolerance was set at 10ppm, and MS/MS tolerance was set at 0.6Da. Search criteria included oxidation of methionine (+15.9949 Da) as a variable modification and carbamidomethylation of cysteine (+57.0214 Da) and the addition of the TMT mass tag (+229.163 Da) to peptide N-termini and lysine as fixed modifications. Searches were performed with full tryptic digestion and a maximum of 1 missed cleavage was allowed. The reverse database search option was enabled and all peptide data was filtered to satisfy a false discovery rate (FDR) of 5%. Proteome Discoverer searched peptide sequences against the UniProt E. coli database using the SEQUEST algorithm to assign peptides to proteins. Relative peptide abundances were calculated based on TMT ion counts. The protein abundance was taken as the median abundance across all peptides identified to that protein, and these data were exported to an Excel spreadsheet. Statistics for protein abundances were generated by calculating the mean, standard deviation, and coefficient of variation (see Figure S7 D-H) of these medians across the three biological replicates.
The sum of the TMT ion counts across all proteins identified in the SORT-E pull-down experiments was about one-fourth the analogous sums for the non-pull-down experiments, despite the fact that an identical amount of protein was loaded for all experiments. We believe this is because SORT-E elution conditions solubilize a streptavidin contaminant from beads (which appears in gels as a dense low molecularweight band in elution lanes (e.g., elution lanes in Figures 3, S5) ), which lowers the fraction of peptides arising from E. coli proteins. Before further analysis, we therefore normalized the TMT ion counts from every mass channel, making the sum of all TMT ion counts in each channel the same.
Where we refer to a protein's SORT-E pull down efficiency, we mean the average of that protein's TMT ion counts from the three mass channels derived from the enrich samples divided by the average of that protein's TMT ion counts from the three mass channels derived from the input samples prior to enrichment.
Mathematical manipulations, sorting, and t-test calculations were carried out in Excel, and plots were prepared in Veusz.
Fly lines and culture conditions
All flies were grown at 25°C on standard Iberian medium. Figure S11 ) for 2h as described (Elliott et al., 2014) .
Triple sense codon lines were generated in a similar manner. In this case the double sense codon lines were crossed to a different single sense codon line to generate transheterozygotes with three different sense codons. In this case not all combinations produced viable trans-heterozygotes and in some cases trans-heterozygotes were viable but gave no potential recombinant males. Successful combinations were FT58-63
(AM)/FT60 (S), FT60-63 (SM)/FT62 (L) and FT58-60 (AS)/FT63 (M) which generated the lines FT58-60-63 (ASM) and FT60-62-63 (SLM). These lines were screened by crossing to nos-vp16-GAL4 virgins and compared with the double sense codon lines as described above (Elliott et al., 2014) .
SORT-E from D. melanogaster
Ovaries were dissected from 250 females flies of FT58-60-63/nos-vp16-Gal4 (ASM) which had been fed normal food either supplemented with 1 (10 mM) or without 1. The ovaries were homogenized into 8 M urea 15 mM tris (250 µL) and the resultant protein lysate clarified by filtration. Bradford assay was used to determine the protein concentration. For SORT-E and subsequent mass spectrometry, typically 7 mg of fly ovary protein was used and labeled with 2 (20 µM) in an identical procedure as described in the protocol for E. coli above. outList.write(geneName + '\t %s \t %s \t %s \t %s \n'%(MetMedian,MetMax,SerMedian,SerMax)) sasaList.write(geneName + '\n' + str(SASAs) + '\n') list.close() outList.close() sasaList.close()
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